Elastic properties of Ti based β-alloy were studied by the method of the model structure first prin- 
Introduction
Today the β-titanium alloys are widely used for medical applications due to their high bio-compatibility and untoxicity. The elastic moduli of these alloys have to be rather low. Elastic properties of the β-alloys of Ti 1−x Nb x system have been studied extensively. It is known that at Nb content below х=0.27 these alloys are not in a single-phase condition and contain martensite phases [1] . At higher Nb content single-phase conditions can be fixed. Martensite phases usually lead to a considerable increase in elastic constants of these alloys. Elastic moduli of the single β-phase apparently decrease with lowering Nb content, as the β-phase turns less stable. Alloys with low elastic moduli of about 30-40 GPa are promising materials for implants. So, single-phase β-alloys with Nb content below 0.27 could be such material, however, as mentioned above they are practically impossible to obtain, and there is no experimental data on the β-phase elastic moduli dependence on Nb content in Ti 1−x Nb x alloys at x<0.27. It is worth to note that knowing this dependence is an important issue since it concerns changes in the elastic moduli of binary Ti 1−x Nb x alloy when Ti atoms are partially substituted by other atoms. In this regard single-phase Ti 1−x−y Zr y Nb x ternary alloys with low elastic moduli are of interest. In contrast to Ti 1−x Nb x alloys, the ternary alloys can be fixed in a single-phase condition at considerably lower Nb contents (up to х=0.14) [2] . It is well known also that Ti 1−x−y Zr y Nb x alloys have lower elastic moduli as compared to Ti 1−x Nb x alloys. Therefore, partial substitution of Ti by Zr in Ti 1−x Nb x alloy is expected to have a double effect -it will lower Nb content necessary to fix a single-phase state, and it will reduce the elastic moduli of the ternary alloy. At the first stage of search for Ti 1−x−y Zr y Nb x alloy optimal compositions, the information on the elastic moduli of binary Ti 1−x Nb x β-alloy in a wide range of Nb content should be obtained. Such information is valuable also for low Nb contents at which the alloy can not be practically fixed in a singlephase condition. In this regard first-principles calculations of electronic structure and elastic properties of the alloy are useful. High-precision quantum-mechanical calculations allow to study in detail various factors affecting the elastic moduli of a material. Apparently the most important factors are Nb content and distribution of Nb atoms in the BCC lattice. Whether the elastic moduli dependence on Nb content represents a monotonic function or not is also a question of interest. The probability of an abnormal behavior of this dependence at some Nb contents should not be excluded. If so, it would be useful to elucidate the reasons of such behavior.
First-principles computer simulations of electronic structure and elastic properties of alloys is an important point making much more effective experimental works on a purposeful search for ternary alloys with needed elastic properties. The present work targeted two goals: (i) first-principles calculations of electronic structure and Young's modulus of binary Ti 1−x Nb x β-alloy at х=0.07-0.25, and (ii) determination of the partial substitution of Ti by Zr effect on electronic structure and elastic moduli of ternary Ti 1−x−y Zr y Nb x β-alloy.
Calculation detail
The high-precision "ab-initio" FLAPW method realized in Wien2k package [3] was used for calculations of elastic constants C 11 , C 12 and Young's modulus of Ti 1−x Nb x β-alloy. The exchange-correlation potential was calculated in generalized gradient approximation (GGA) according to the Perdew-Burke-Ernzerhof model [3] . Atomic sphere radii both for Ti and Nb atoms were 2.2 a.u. 
Results and discussion
For a more adequate simulation of real alloys, Nb atoms in the model Ti 54−m Nb m structures were arranged as uniformly as was possible. Each Nb atom did not have any Nb atom adjoining. As mentioned above, the calculations of total energies for these structures were performed with a complete structural optimization. The components of elastic tensor for the cubic symmetry were found using the CubicElast package (Wien2k [3] ).The structures with tetragonal symmetry were generated from the model cubic structures for various Nb contents. Then appropriate deformations with lattice parameters changes not higher than 3% were applied to these structures. The total energies were calculated by the FLAPW method for all generated structures. Using the total energies of initial and deformed structures, the components of elastic tensor for each structure were calculated. The calculated equilibrium lattice parameters and elastic constants of the β-titanium and model
Ti 54−n Nb n (n = 2, 4, 8, 10, 12, 14) are listed in Table 1 . The concentration dependence of the Young's modulus, calculated for the binary β-alloys, is shown in Fig.   1 . At low Nb contents negative values of the Young's modulus were obtained, that correlates with the phase field boundaries. At those low Nb concentrations initial Table 2 . The substitution of Ti by 30% Zr atoms in the Ti 44 Nb 10 (A) 
